In Europe the monitoring of lakes with regard to benthic diatoms is still conducted in line with the European Water Framework Directive. Ribbon lakes are a special case as extremely steep slopes of the lake basin cause their littoral zone to be narrow. The Durowskie ribbon lake was chosen as a model for the assessment of the ecological status of waters based on its Diatom Index. Given its use in recreation, it is under heavy anthropogenic pressure. Physicochemical and biological parameters were monitored in the peak of the vegetational season (July, August) between 2010 and 2018 at 12 varied littoral sites across the full length of the shoreline. This long-term analysis of the Diatom Index, despite showing an improvement in the quality of water, demonstrated the ecological state of Lake Durowskie to be weak (southern, deep part) to moderate (north, shallow part). The taxonomic structure of diatoms (referral and indicator taxa) in phytobenthos communities allowed to show the changes in physicochemical parameters of the environment such as pH, oxygen dissolved in water and its trophic status. Research results are shown in relation to the anthropogenic changes to the lake's direct catchment area and the results of the physicochemical monitoring of waters.
Introduction
Biomonitoring of water bodies in Poland is carried out on the basis of the European Water Framework Directive [1] . According to the Directive, there are four main groups of organisms used for the evaluation of water quality: phytoplankton, phytobenthos together with macrophytes and zoobenthos, and ichthyofauna.
Physicochemical and hydromorphological parameters are to be used in addition to analyses of indicative organisms. Each European country should implement the proper methods on the basis of this general assumptions. Indicators of Environmental Quality should describe the ecological and functional dependence of water ecosystems and consider qualitative and quantitative characteristics of the organisms used. The most common methodology is based on using sensitive species together with those of high tolerance [1] [2] [3] .
According to the Water Framework Directive lakes are divided into two categoriesshallow and deep. Post-glacial ribbon lakes, however, are not clearly classified in the Directive which causes debate on which parameters should be used to establish their ecological state. In Wielkopolska region ribbon lakes comprise the majority of all lakes. They are characterized by extremely steep slopes of their lake basin which causes their littoral zones to be narrow. These lakes are used mainly for recreational purposes, which is the main reason for the breakage of the reed zone, specifically due to the creation of beaches, fishing stands and platforms [4] .
Measuring the Diatom Index (DI) in accordance with the Water Framework Directive is questionable with regard to ribbon lakes. Their littoral zone is very narrow, thus, often, the only substrate to take samples from is stone. Only benthic diatoms (epilithic communities) are taken into consideration while calculating the DI, with epiphytic communities being ignored. Moreover, diatom communities from the stone were initially described to be more diversified in matter of biodiversity than that of the reed surface [5] . Benthic communities consist of microorganisms living on the sediments of water bodies. Phytobenthos consists of various groups of benthic algae, mainly diatoms. Stones are present in the water during the whole year, which allows the phytobenthic organisms to form stable communities on their surface. The structure of such a community mainly consists of diatoms which are used as indicator species for water quality. The main purpose of research was to determine the changes in water quality in time on the basis of the taxonomical structure of diatoms, expressed by the Diatom Index, as well as to show their compatibility, if such occurs, with chosen physicochemical parameters of water. For the case study Lake Durowskie was chosen, as it has been under yearly monitoring actions since 2010.
Study area
Lake Durowskie is a post-glacial lake located in the town of Wagrowiec in the Wielkopolska region of Poland. The lake is the last aquatic body in the chain of six lakes of post-glacial origin: Zamkowe, Laskownickie, Grylewskie, Bukowieckie, Kobyleckie and Durowskie itself. These lakes are described as elongated to the north and south, and relatively deep water bodies with steep slopes. The lake is surrounded mainly by buildings and agricultural fields which have been causing eutrophication since 1980. Surface runoff from agriculture pollutes the lake with nitrogen (N), phosphorus (P), and potassium (K) by means of fertilizers, pesticides, and other agricultural chemicals. The high level of pollution in Durowskie Lake comes mainly from other lakes which flow into the Lake Durowskie causing an accumulation of pollutants. Anthropogenic activity, such as the recreational use of the lake and sewage waste from summer houses, also contributes significantly to the state of the lake as it has a negative impact on the quality of water [3, 6] .
The shape of the lake and type of usage of shoreline divides the lake into two partsnorthern and southern. In the northern part the lake is surrounded mainly by forests and agricultural fields with only small amount of fishery stands while on the south part of the lake the town of Wagrowiec is situated along with boat and fishery stands. Also, on this side of the lake there is a beach where recreational activities take place. Due to the type of usage of the shoreline in the northern part of the lake the littoral zone is slightly bigger than in the southern part, however it is still very narrow, according to the profile of ribbon lakes.
Morphometric characteristics of Lake Durowskie are given in Table 1 . 
Sampling sites
Periphyton samples have been taken from 8-12 sites along the shoreline ( Fig. 1a ) each year since 2010. Between 2010 and 2014 samples were collected from sites 1-8, in 2015 from sites 1-10 and since 2016 from all 12 sites. Sampling sites were chosen along the shoreline in such a manner to represent different types of usage of shores. The northern part of the direct catchment area is covered mainly by forests and agricultural fields while the southern part is situated in the town, site 1 being situated closely to the beach.
Physicochemical parameters were measured on the surface of water in 8 sites showed in Figure 1b .
Methods
The research was carried out during the summer season (July, August), in years 2010-2018. Physicochemical parameters such as temperature, pH, conductivity and dissolved oxygen (DO) were measured using the multi-parameter water quality meter (YSI 556) at the water surface, with transparency measured using Secchi Disc.
Periphyton species were collected from submerged stones at 8-12 sites along the lake shore. In each case, material was scraped off from a total area of 20 cm 2 . Samples were preserved using Lugol's iodine solution before taking the samples to the laboratory for analysis. The analysis of the species' composition of diatom communities was carried out according to the Batterbee methods [7] . Identification of species was based on diatomological keys [8] [9] [10] [11] [12] . The Diatom Index was used to determine the ecological condition of lake. DI can only be determined when at least 10 species sensitive to trophic level are present in a sample. Trophy Index (TI) and the Index of Referential Species with their standardization are the basic elements to calculate Diatom Index. For an estimation in oxygen saturation, trophy and alkalinity, van Dam's ecological indicators values were used [13] .
Results

Physicochemical quality of water
The average pH recorded with the multi-parameter water quality meter along the lake ranged between 7.74 and 8.20 (Fig. 2) . The results showed variation in pH at different parts of the lake, with the middle of the lake described as neutral to alkaline and relatively higher pH recorded at the two beaches.
From the analysis, the highest dissolved oxygen on the lake was recorded at Beach 1 and Outflow ( Fig. 3 ). Also, Middle 1 and Middle 2 had much higher DO than Aerator 1 and Aerator 2 sites. In all years, the value of dissolved oxygen was higher close to the beaches ( Fig. 4 ). Also, in 2017 the value is higher at Middle 1 and Middle 2. 
Diatom Index
The analysis of diatom communities attached to stone surface has been done in order to estimate Diatom Index values ( Table 2 , Fig. 5 ). The analysis showed occurrence of 104 taxa ( Table 3 ). Species richness was noted between 27 taxa (sites 7 and 12) and 63 taxa (site 11). Only 11 taxa were noted to be present in all studied locations: Achnanthes exigua Grun., Achnanthidium minutissimum (Kütz.) Czarnecki, Amphora ovalis (Kutz.) Kutz., Amphora pediculus (Kutz.) Grun., Cocconeis placentula Ehr., Cyclotella radiosa (Grun.) Lemm., Encyonema minutum (Hilse) Mann, Gomphonema olivaceum (Horn.) Breb., Navicula tripunctata (O.F. Müller) Bory, Staurosirella pinnata (Ehr.) Williams & Round and Ulnaria ulna (Nitzsch) Compere. When analyzing the indicator value of diatom taxa observed in peryphitic communities, it was noted that these were mainly eutrophic species which preferred alkalic waters with high oxygen saturation, of value 75 % and more ( Table  3 , Fig. 6 ). 20 species of taxa were found to be dominant, with only 9 of them being dominants in at least three sampling sites. Ecological characteristics of chosen species [11, 13] which were the most numerous in periphytic community of the lake and used as indicators of ecological state of Lake Durowskie, are shown in the Tables 4 and 5.
To dominants of high stability of occurrence include: Achnanthes exigua, Achnanthidium minutissimum, A. affinis (Kutz.) Czarnecki, Amphora ovalis, A. pediculus, Cocconeis pediculus Ehr., C. placentula, Cyclotella radiosa, Cymbella affinis Kutz., C. tumida (Brèb.) Van Heurck, Diatoma vulgaris Bory, Encyonopsis microcephala (Grun.) Krammer, E. minutum, Eunotia praerupta Ehr., Fragilaria capucina Desm., F. crotonensis Kitton, Gomphonema olivaceum, G. olivaceoides Hustedt, G. parvulum (Kutz.) Kutz., Staurosirella pinnata. They are mainly species noted in poorly alkaline waters, often consisting calcium and moderate level of concentration of electrolytes. They also occur in anthropogenically changed places but most of them are used as indicators of good water quality. The Diatom Index shows that the overall water quality is still in the poor to moderate range. Table 2 shows changes in DI for all of the sites for years 2010-2018. For the years 2016-2018 we may see that the Diatom Index increased at almost all sites. However, half of the sampling sites still remain within the "poor quality" boundaries, and most of the sites of moderate state have values close to poor state.
The average DI for the lake on the basis of results obtained from sites 1-8 in years 2010-2018 ( Fig. 5) shows slight changes over the years, with the ecological state changing between poor and moderate water quality. Figure 7 shows the percentage of species with various trophic preferences. The result also indicates the eutrophic state of the Lake Durowskie; however, mesotrophic levels are increasing. Figure 8 shows different indicator species from acidophilous to alkaliphilous at all 12 sites where samples were taken. All results are shown as percentages. Most sites indicate alkaliphilous species; however, at site 10, the majority of species in this area were noted to be circumneutral. Table 3 shows comparison of periphytic diatom species composition with their preferences to pH, oxygen saturation and trophy. Furthermore, Tables 4 and 5 present characteristics of species found to be dominant (Table 4 ) and occurring rarely ( Table 5 ). 
Dominant species Comment
Achnanthes exigua Grun. Lives in calcareous lakes, can survive with low light intensity, is able to live until critical threshold (β-, α-mesosaprob). Achnanthidium minutissimum (Kutz.) Czarnecki Can live both in oligotrophic an eutrophic conditions, is not able to live in very acidic conditions or environments with low electrolyte habitats, already under α-, βmesosaprobie vitality strongly decreases.
Achnanthidium affinis (Kutz.) Czarnecki
Can live in oliogosaprobic, oligotrophic to eutrophic conditions weak alkaline conditions, mostly found in calcareous conditions. Often occurs in habitats with high electrolyte content. Amphora ovalis (Kutz.)
Kutz.
Appear frequently but not very numerous in oligo-to eutrophic water bodies. Medium to high electrolyte content, higher trophical states are preferred.
Amphora pediculus (Kutz.) Grunow
Lives in oligosaprobic and β-mesosaprobic habitats, very broad trophic spectrum, missing in conditions with low electrolyte contents and acidic conditions.
Cocconeis pediculus Ehr.
Lives in medium to high trophic state, does not appear in conditions with low electrolyte content, circumneutral to acidid conditions or oligotrophic habitats.
Cocconeis placentula Ehr.
Broader spectrum than Cocconeis pediculus, in contrast appears in conditions of low electrolyte content and medium trophic levels. Cyclotella radiosa (Grun.) Lemm.
Appears in eutrophic conditions, was found in acidic or brackish water bodies, neutral waters and very polluted lakes.
Cymbella affinis Kutz. Indicator of very good ecological water quality, rarely found in calcerous, oligotrophic lakes and rivers.
Dominant species Comment Encyonopsis microcephala (Grun.) Krammer
Can live in slightly acidic to alkaline conditions and low to medium electrolyte conditions, if the habitat is oligosaprobic. Occurs in oligo-to slightly eutrophic conditions. Encyonema minutum (Hilse) Mann
Occurs in non-disturbed habitats (oligo-to mesotrophic conditions) with a medium electrolyte content. Cymbella tumida (Breb.)
Van Heurck
Appears frequently but with small populations in meso-to eutrophic water bodies with medium electrolyte content.
Diatoma vulgaris Bory
Appears in medium to high trophical conditions, also in lakes independent of ecozone but more frequent in rivers.
Eunotia praerupta Ehr.
Mostly found in undisturbed, oligodistrophic habitats with low electrolyte content on silicates. Sometimes appears numerously.
Fragilaria capucina
Desm.
Most likely in oligotrophic to mesoeutrophic, slightly acidic to alkaline waterbodies with low to medium electrolyte content but not very reliable.
Fragilaria crotonensis Kitton
Mostly found in oligotrophic to slightly eutrophic, mostly slightly alkaline conditions with medium electrolyte content. Decreases with increasing sewage input.
Staurosirella pinnata (Ehr.) Williams & Round
Broad trophic tolerance, almost reaching over the whole spectrum. Negative reaction to β-mesosaprobic conditions. Prefers non-acidic conditions. Also appears in circumneutral conditions with low electrolyte content.
Gomphonema olivaceum (Horn.) Breb.
Mostly found in eutrophic, calcareous conditions with moderate electrolyte content. Saprobic tolerance reaches from oligosaprobic to critical threshold between β and α-mesosaprobic conditions. Gomphonema parvulum (Kutz.) Kutz.
Widely spread in oligotrophic habitats with low electrolyte contents. Mostly appears in slightly acidic conditions in lakes. Appears together with acidophilic species. 
Ocasionally listed species Occurrence and ecology
Achnanthes exigua Grun. Lives in calcareous lakes, can survive with low light intensity, is able to live until critical threshold (β-, α-mesosaprob).
Lemnicola hungarica (Grun.) Round & Basson
Found in waters of higher trophic level and higher electrolyte contents. This species is hypereutraphentic, alkaliphilous (mainly occurring at pH > 7) and has low oxygen requirements.
Planothidium ellipticum (Cleve) Edlund
Ecological amplitude very broad, from neutral waters to alkaline, low electrolyte to -rich, oligotrophic to polytrophic waters up to β-mesosaproben stress level. Aulacoseira granulata (Ehr.) Simon. The classical indicator species of eutrophic water areas.
Caloneis silicula (Ehr.) Cleve Found in meso-eutraphentic waters with pH index above 7.
Encyonema cespitosum
Found very often in eutrophic waters with moderate electrolyte content, but tolerant of oligotrophic to eutrophic.
Encyonema elginense (Krammer) Mann
This freshwater species is widespread, which makes it a weak bioindicator of water quality. It appears in low quantity of small specimens.
Eunotia intermedia (Krasske ex Hustedt) Nörpel & Lange-Bertalot
Autecology is the same as for majority of Eunotia species: occurrence in minerotrophic, moderately acidic waters with low conductivity.
Eunotia bilunaris (Ehr.) Schaars.
One of the most frequent and abundant Eunotia taxa living epiphytic in all regions of Europe. Predominantly occurring in oligotrophic to dystrophic waters with low electric conductance and low pH. However, resembling populations can also occur in eutrophic ponds or lakes with moderately electrolyte content.
Ocasionally listed species Occurrence and ecology Ulnaria capitata (Ehr.) Compère
This freshwater species is widespread, which makes it a weak bioindicator of water quality.
Fragilaria amphicephaloides
Lange-Bertalot This species is an indicator of excellent ecological quality. It has found in patchy form in oligotrophic to mesotrophic lakes. It is rarely found in rivers.
Fragilaria constricta Ehr. Stenotermic species of freshwaters, found often in the north parts of Europe. Mainly occurring in oligotraphentic waters with pH index below 7. Fragilaria vaucheriae (Kutz.) Petersen
Still difficult to assess proliferation in the water types and ecological amplitude due to difficult identification. Gomphonema angustatum (Kutz.) Rabenhorst Secured findings as to the identity, in circumneutral waters, such as ponds or lakes with dead plant materials.
Gomphonema angustum Agardh
Typical taxon of very hard waters, there almost always individual-rich. Where such habitats are absent, G. angustum is substituted with other, perhaps similar Gomphonema species.
Gomphonema augur Ehr.
Distribution and ecology difficult to characterize. The most abundant in alkaline, nutrient-rich lakes and larger rivers, saprobie-tolerant up to the critical load factor (β-, α-mesosaprob).
Mastogloia smithii Thwaites ex Smith
On the European Baltic coasts widespread brackish water kind, not seldom, however, also in lakes of the interior with middle and higher electrolyte content.
Mayamaea agrestis (Hustedt) Lange-Bertalot
This freshwater species is found in hypertrophic waters.
Navicula dicephala Ehr. The most abundant in eutrophic waters with moderate electrolyte content.
Placoneis gastrum (Ehr.) Meresch.
Found in eutraphentic waters, mostly lakes. Has high oxygen requirements (above 75 %). Mainly occurring at pH > 7. The habitats are meso-to eutroph and oligosaprob. Pinnularia gibba (Ehr.) Muller Hypereutraphentic, cosmopolitan, in places abundant in waters with low to average electrolyte content, especially in spring-like locations. Rhoicosphaenia abbreviata (Ag.) Lange-Bertalot
Cosmopolitan species inhabiting freshwaters with moderately high electrolyte content and brackish-waters. Surirella minuta (Breb.)
Because of preferences toward waters with smaller electrolytic conductivity, this species is use as an indicator of low thropic state-mesotrophy, weak eutrophy.
Discussion
Periphyton is an ecological group of organisms attached to abiotic structures submerged in water such as stones, and biotic structures like macrophytes. Phytoperiphyton is not only the group of organisms responsible for primary production in water but also the group which is a sensitive indicator for changes in parameters of water quality [3, 13] . Periphyton is constantly attached to its substrate, thus the structure of periphytic community reacts to both physical and chemical changes in water quality. Periphytic communities, mainly diatoms, are very good biological indicators for various reasons: naturally big group of species, fast reaction time to changes in habitat conditions, well documented tolerance spectra, and sensitivity of individual species to changes in water quality.
In order to evaluate the ecological state of Lake Durowskie, taxonomical structure and quantity of individual diatom species were studied. Results were, then, compared to referral conditions set for lakes. In the research conducted periphytic diatoms were collected along the shoreline of Lake Durowskie. Studies concerning its taxonomical structure and abundance of periphytic communities from 12 sites are shown jointly. Periphyton analyses demonstrated the presence of 104 diatom taxa which can prove useful in determining the ecological state of water in various places along the shoreline of the lake (Table 3) .
Studies conducted in years 2010-2018 showed that the process of changes in the lake ecosystem, which had started in 2009 with the beginning of restoration measures, is visible in both physicochemical parameters and biological ones. Transparency of water, which was noted at ca. 1 m in 2009 increased to 2,5 m in 2018. Concentrations of ammonium nitrogen, nitrates and dissolved phosphates were also noted at lower levels, which proves the increasing role of nitrification connected with good oxygen conditions in water [4, 6, 19] . Dissolved oxygen refers to the level of free, non-compound oxygen present in water or other liquids. It is an important parameter in assessing water quality because of its influence on the organisms living within a water body. A too high or too low dissolved oxygen level might harm aquatic life and affect water quality. The reason for higher dissolved oxygen levels recorded at the beaches and at the outflow could be due to the constant mixing of the water by kayaks, speed boats, and other water vehicles as well as swimming in these areas. Higher transparency of water also caused better development of submerged plants in the lake's littoral zone. Improvement of water quality in littoral zone may be noted due to occurrence of red algae species Hildenbrandia rivularis (Liebm.) Agardh [20] , which indicates good oxygenated water. Positive changes in phytobenthos composition can be seen in the higher ratio of Pantocsekiella ocellata (Pant.) Kiss & Acs, which is an indicator species for less fertile waters with low amounts of organic matter and high level of oxygenation [4, 13] . Obtained results also suggest the type of land used in the direct catchment area may significantly impact the diversity of species. The northern part of the lake, whose direct catchment area has a high ratio of forests, was characterized by better quality of water comparing to the southern part located in the urban area, which was reflected in the structure of the phytobenthic community and the values of the Diatom Index.
In 2010, the Diatom Index indicated that the northern part of the lake is characterized by poor quality of water (0.28-0.29; poor state), while the water quality of the rest of the lake was characterized to be moderate (0.36-0.54). Moreover, for three of the sites in the southern part of the lake, the values noted for the DI (0.51; 0.52; 0.54) were very close to the threshold between a moderate and a good state of water.
In the following year, the Diatom Index showed decreasing tendency in all of the analyzed sites. Both at the northern and southern sides of Lake Durowskie the quality of water was indicated to be poor (Table 2) , with the exception of two sites in which said quality was indicated to be moderate. Observed changes meant that the water state was decreased in 2011. Only two of the eight sites stayed at similar water state to previous year. One of the reasons for these changes can be the increase in the water level caused by intense rainfall together with higher inflow from the direct catchment area mainly in the form of surface runoff but also with inflow from Struga Golaniecka river. Moreover, turbulence of water in the littoral zone caused by wind can also increase the amount of nutrients available for phytobenthos. The improvement of aerobic conditions in the lake can be seen in the greater share of species with preference to highly oxygenated water in periphytic communities.
Since 2012 indicators of very good and good oxygenation of water has been noted in the lake. Those species, such as Achnanthidium minutissimum (Kutz.) Czarnecki, show increase in the total number of cells. Indicators of bad or poor water quality stayed at the same numerical level as observed previously or noted a slight decrease. In the case of Gomphonema parvulum (Kutz.) Kutz., which indicates poor quality of water, it was found abundant only at the southern sites of the lake (e.g. site 4) with only a few individuals noted at rest of the sites. The reason for its high abundance at site 4 may be due to the use of this part of the shoreline as wild beach at which people allow their dogs to get in the water, thus increasing the turbulence of water at this site. Fine seston suspension and pollution brought from the shore drop to the bottom, and then undergo decomposition by reducers, with the use of oxygen, in the surface layer of bottom sediments. The Diatom Index values increased from poor state to moderate at two sites located in the northern part of Lake Durowskie ( Table 2) .
These results point to a significantly lower inflow of pollutants than in previous years, as well as to a gradual improvement of the ecological state of this part of the lake. In the central and southern parts of the lake the Diatom Index stayed at poor level or balanced between poor and moderate ecological states. However, even though there was no meaningful increase in the DI value, a drastic decrease was also not observed. The increase in abundance od periphytic species adapted to very good oxygen conditions additionally emphasized success of restoration measures carried out since 2008.
At some of the sites (e.g. 6, 7, 9) the ecological state of water has been increasing since 2010-2011. At the same time, at the other sites the ecological state of water has been visibly decreasing. It is particularly well visible for site 3 where the ecological state has been decreasing yearly and reached the poor state in 2014, which was the lowest value since the beginning of monitoring 5 years prior. Analyses of the Diatom Index values showed clear diversification between the northern and southern parts of Lake Durowskie. Mean values for sites located in the northern (sites 4, 5, 6, 7, 8) and southern parts (sites 1, 2, 3) showed clearly that ecological state is better in the northern part ( Table 2 ). The biggest biodiversity of a phytobenthic community was noted in the middle of the lake's length, near the Aerator 2. This observation suggests that phytobenthic community structure changed rapidly in the part of the lake which is characterized by low human impact. From these results we may conclude with high probability that the worse ecological state of the southern part of the lake is connected with higher anthropogenic pressure. In the southern part the decrease in biodiversity occurs as an effect of recreational activities as well as the erosion of the shoreline and the direct catchment area, and fishing together with using ground bait and motorboats. Lower values of the Diatom Index in the southern part of the lake noted since 2014 may serve as confirmation of such interactions, especially for the south-western part of the lake. In the northern part, even with the influence of river Struga Golaniecka, the DI values point to a moderate ecological state, in opposition to the southern part where the Diatom Index indicates a poor water state. Due to the northern part's direct catchment area being composed mainly by forests, in the northern part of the lake submerged macrophytes are less exposed to damage which results in higher absorption of nutrients by aquatic vegetation. Occurrence of stonewort Chara tomentosa L. in the southern part of the lake also confirms a better ecological state of the lake's water in the north [4] .
Diatom Index calculated for the years 2016-2018 suggests that anthropogenic pressure plays a key role in shaping of diatom communities. The lowest values of DI were noted on the sites with highest anthropogenic pressure (sites 1 and 2). During the last years of investigations (2017-2018) the Trophic Diatom Index (TDI) showed more or less the same conditions as in previous years, showing poor to moderate state of water. The remarkable drop of TDI at Site 1 (Beach 1; 2017) has shown possible negative effects from anthropogenic activities and input causing the upwelling of water and mobilization of nutrients from the bottom of the lake. The south-eastern part of the lake, where a public beach is located, is the most densely populated area for recreation and according to the TDI showed in 2017, this area remains in a bad/poor state of water. However, some of the parts of the lake begin to improve, implying the restoration has had positive effect. Moreover, at site 4, where the area has recorded an increase in Hildenbrandtia rivularis (Liebm.) Agardh (red algae) population, the TDI also shows the greatest improvement. At site 1 in 2018 there was an increase in quality ( Table 2 ) and this could be attributed to the fact that two new macrophyte species were found around the site this year. Both Chara contraria Braun ex (Kutz.) and Nitellopsidetum obtuse Allen help the water quality so there is a correlation between these species being found and the increase in water quality at site 1 [21] . According to the index, the average composition of species is similar. Compared to last year's results, the number of oxygenated groups increased. It means the state of littoral water has improved. It occurred with almost the same number between the northern and southern parts of the lake (Fig. 6 ). For the trophic preference, the eutrophic species still dominate at every site (Fig. 7) , and compared to last year's results, the number of those species increased in several areas. However, from the result of pH preference, the alkaliphilous species are dominant in all parts of the lake. The comparison of results from the northern and southern parts of the lake shows that the conditions are very similar, as shown on Figure 8 . Results imply that the water from both the north and the south tends to be well oxygenated, alkali and eutrophic.
Conclusions
The eutrophication of water of Lake Durowskie is probably due to pollution transfer from other nearby regions through inflow. Erosion and runoff along the bank can also deteriorate its condition. The highest anthropogenic pressure occurs in the southern part of the lake which is situated in Wagrowiec. On this side of the lake the littoral zone is very narrow and the shoreline is spotted with fishing platforms, piers for boats and also a beach, all of which pose high recreational value for the people of Wagrowiec as well as for tourists. Field observation by counting the number of fishing stands and swimming places around the lake may point to other drivers of pollution. With almost 103 fishing sites, and 14 swimming sites, the amount of left-over fish bait and the surface of open soil should be considered.
Results obtained from particular indicators do not always show the same tendency for changes in the environment, which is caused mainly by the fact that the ecosystem is a very complex structure and biotic and abiotic factors inside the trophic net influence various groups of organisms [22, 23] . Nevertheless, obtained results show in almost full picture changes in the environment which could not be evaluated on the basis of random physicochemical or hydrobiological measurements. Different results from the evaluation of different parameters of the ecosystem occur because of different sensitivity and reaction time to environmental changes for given ecological groups of organisms. Ecological changes can be most quickly observed in the quality of water and phytoplankton communities, then, in microbenthos and, then, in macrophytes and macrozoobenthos [1] .
